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ORIGINAL ARTICLE 



A Survey of the Radiation Exposure Protection of Health Care Providers 
during Endoscopic Retrograde Cholangiopancreatography in Korea 

Jae Min Shin, Tae Hoon Lee, Sang-Heum Park, Sang Goo Kang, Yeon Seon Lee, Suk Ja Park, Mi Gyeong Ku, Suck-Ho Lee, 
ll-Kwun Chung, Hyun Jong Choi, Jong Ho Moon, Sang Woo Cha, Young Deok Cho, and Sun-Joo Kim 

Digestive Disease Center, Department of Internal Medicine, Soonchunhyang University College of Medicine, Cheonan, Korea 



Background/Aims: During endoscopic retrograde cholan- 
giopancreatography (ERCP), all efforts should be made to be 
aware of radiation hazards and to reduce radiation exposure. 
The aim of this study was to investigate the status of radia- 
tion protective equipment and the awareness of radiation ex- 
posure in health care providers performing ERCP in Korean 
hospitals. Methods: A survey with a total of 42 questions 
was sent to each respondent via mail or e-mail between 
October 2010 and March 2011. The survey targeted nurses 
and radiation technicians who participated in ERCP in sec- 
ondary or tertiary referral centers. Results: A total of 78 pro- 
viders from 38 hospitals responded to the surveys (response 
rate, 52%). The preparation and actual utilization rates 
of protective equipment were 55.3% and 61.9% for lead 
shields, 100% and 98.7% for lead aprons, 47.4% and 37.8% 
for lead glasses, 97.4% and 94.7% for thyroid shields, and 
57.7% and 68.9% for radiation dosimeters, respectively. The 
common reason for not wearing protective equipment was 
that the equipment was bothersome, according to 45.7% of 
the respondents. Conclusions: More protective equipment, 
such as lead shields and lead glasses, should be provided to 
health care providers involved in ERCP. In particular, the ac- 
tual utilization rate for lead glasses was very low. (Gut Liver 
2013;7:100-105) 
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INTRODUCTION 

Endoscopic retrograde cholangiopancreatography (ERCP) has 
been used to diagnose and treat pancreatobiliary diseases for 
over 40 years. Recently, magnetic resonance cholangiopancrea- 



tography and endoscopic ultrasonography have been used more 
frequently to diagnose pancreatic and biliary diseases, but there 
are no alternatives that can replace ERCP in respect to therapeu- 
tic procedures. 

However, ERCP is associated with radiation exposure, due to 
the concomitant use of fluoroscopy. Radiation exposure poses 
hazards for health care providers, as well as patients, and may 
have somatic and genetic effects. 1,2 Therefore, several studies 
have been conducted in response to growing interest in radia- 
tion exposure during ERCP, but these studies have produced 
contradictory results. Cohen et al. 3 argued for the need for ex- 
tensive care and protection against very high doses of radiation 
arising from ERCP procedures. On the other hand, Wagner et a!. 4 
countered that a health care provider is exposed to much lower 
doses of radiation than the patient on whom the procedure is 
performed, and other studies also reported the safety of the 
procedure regarding radiation exposure, if protective equipment 
such as a lead apron is worn. 5 Levels of radiation exposure may 
vary considerably depending on the voltage of the radiation 
source, exposure time, whether protective equipment is worn, 
and the distance of the patient and the operator from the source. 

Although previous studies may have produced different re- 
sults and opinions with regard to radiation exposure and the 
hazards arising from ERCP, there is a general consensus that 
efforts should be made to reduce radiation exposure affecting 
health care providers. Therefore, health care providers partici- 
pating in ERCP procedures should be aware of the radiation 
hazards, and protective equipment such as lead aprons, thyroid 
shields, lead glasses, lead shields, and radiation dosimeters. In 
light of this, in 2009, the Korean Pancreatobiliary Association 
(KPBA) announced recommendations for ERCP-related radiation 
damage prevention. However, many health care providers are 
not aware of these recommendations and may be rather negli- 
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gent about using complete personal protective equipment. 

Our study was planned to investigate the current status of Ko- 
rean health care providers' radiation protective equipment, their 
actual usage of the equipment, and their awareness of radiation 
exposure during ERCP by survey. Based on current status, we 
wanted to enhance improvement of the ERCP curriculum and 
awareness of radiation protective systems. 

MATERIALS AND METHODS 

Survey responses were collected anonymously via mail or e- 
mail between October 2010 and March 201 1. The questionnaire 
consisted of 42 questions in total: those about respondent infor- 
mation, ERCP circumstance, the current status and awareness 
of radiation protective equipment, those about awareness and 
attitude changes after the recommendations for ERCP-related 
radiation damage prevention in 2009, and detailed questions. 
The survey targeted nurses and radiation technicians participat- 
ing in ERCP procedures at secondary general hospitals (n=58) 
and tertiary referral centers (n=35) in Korea. 



Table 1. Baseline Characteristics of the Respondents 



Characteristic 


No. (°/o) 


Total no. of respondents 


78 


Age, mean±SD, yr 


34.6±5.97 


Female 


78 (100) 


Position 




Registered nurse 


76 (97.4) 


Radiation technician 


2 (2.6) 


Length of service at hospital, mean±SD, yr 


12.5±5.73 


Length of service in digestive disease center, 


4.8±3.8 


mean+SD, yr 




Length of service as ERCP assistant, yr 




<1 


10 (12.8) 


1-2 


17 (21.8) 


2-3 


20 (25.6) 


>3 


31 (39.7) 


Size of hospital (respondents/hospitals) 




Secondary general hospital 


30 (38.5J/17 (44.7) 


Tertiary referral center 


48 (61.5J/21 (55.3) 


Wards of hospital 




<500 


10 (12.8) 


500-700 


29 (37.2) 


700-1,000 


29 (37.2) 


> 1,000 


10 (12.8) 



ERCP, endoscopic retrograde cholangiopancreatography. 



RESULTS 

1. Respondent information 

A total of 78 providers from 38 hospitals answered the ques- 
tions (response rate, 52%). All 78 respondents were women, 
and mean age (SD) was 34.6 (5.97). The respondents' positions 
were as follows: 62 (79.5%) registered nurses, 13 (16.7%) charge 
nurses, two (2.6%) radiation technicians, and one (1.3%) head 
nurse. Tertiary referral centers and secondary general hospitals 
were 55.3% (21/38) and 44.7% (17/38), respectively (Table 1). 

2. Current status of ERCP 

Of the 38 hospitals, seven hospitals (18.4%) had independent 
ERCP rooms in their digestive disease centers, whereas the other 
hospitals did not have independent ERCP rooms. Mean number 
of ERCP procedures was 39.3 (range, 8 to 100) per month in 
each hospital. Mean procedure time was between 30 minutes 
and 1 hour. Mean radiation exposure time per procedure was 
between 5 and 10 minutes. Mean number of pictures per proce- 
dure was 5 to 10 pictures. 

3. Radiation protective equipment 

Among lead shield, lead apron, lead glasses, thyroid shield, 
and radiation dosimeter, 61 respondents (78.2%) considered lead 
aprons as the most important protective equipment, followed by 
thyroid shields (n=9, 11.5%). The preparation rates were 55.3% 
(21/38 hospitals) in lead shields, 100% (78/78) in lead aprons, 
47.4% (37/78) in lead glasses, 97.4% (76/78) in thyroid shields, 
57.7% (45/78) in radiation dosimeters, and 23.1% (18/78) in all 
of the above (Fig. 1). The most common type and form of lead 
shields were lead-containing glass and mobile screens, 51% 
(21/41) and 56.4% (22/39), respectively. The most common form 
of lead apron was a full-length (one-piece) apron covering only 
the front of the body in 39.7% (31/78). The most common type 
of lead glasses was goggles with front and side shields in 81.1% 
(30/37) (Table 2). The locations of radiation dosimeters were 




Fig. 1. The preparation rate of protective equipment. 
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as follows: 73.3% (33/45) chest or waist inside lead apron, and 
26.7% (12/45) outside lead apron. Respondents stated that they 
checked dosimeters every 3 or 6 months, 72.2% (26/36) and 
22.20/0 (8/36), respectively. 

The respondents used lead aprons and thyroid shields, 98.7% 
and 94.7%, respectively; however, actual utilization rate of lead 
glasses was very low (37.8%) (Fig. 2). The most common reason 
for not using protective equipment was that it was bothersome 
in 45.7% (21/46), followed by frequently forgetful in 26.1% 
(12/46) (Table 3). Thirty-eight respondents (50%) reported hav- 
ing experienced physical abnormalities resulting from ERCP 
procedures (Table 4). When not wearing protective equipment 
during ERCP, the body parts most worried about were as fol- 
lows: thyroid in 30 (38.5%), reproductive system in 21 (27%), 
eyes in 16 (20.5%), head in five (6.3%), whole body in four 
(5.1%), limbs in one (1.3%), and skin in one (1.3%). 

4. Changes in awareness and attitude after announcement 
of recommendations for ERCP-related radiation damage 
prevention 

With regard to the 2009 ERCP-related radiation damage pre- 
vention recommendations of the KPBA (Appendix), only 3 1 of 
the respondents (39.7%) have attended lectures or read docu- 
ments on the subject. After reading the recommendations, what 
they considered most important was as follows: lead aprons in 
64.5% (20/31), lead shields in 19.4% (6/31), lead glasses in 9.7% 
(3/31), radiation dosimeters in 6.4% (2/31), and thyroid shields 
in 0%. Twenty-eight (90.3%) reported a changed awareness of 

Table 2. Type of Radiation Protective Equipment 



Radiation protective equipment No. (%) 
Lead shield 

Lead-containing glass 21 (5 1 .0) 

Lead fabrics 5(12.1) 

Lead-containing glass+lead fabrics 15 (36.9) 
Lead shield 

Ceiling-mounted 13 (33.3) 

Mobile screen 22 (56.4) 

Equipment-mounted 4 (10.3) 

Thickness of lead apron 

Unknown 65 (83.3) 

0.5 mm 9(11.5) 

0.25 mm 4 (5.2) 

Lead apron 

One-piece apron covering only the front 31 (39.7) 

Two-piece apron covering the front and back 28 (35.9) 

One-piece apron covering the front and back 19 (24.4) 
Lead glasses 

Goggles with front and side shields 30 (8 1 . 1) 

Front shields like ordinary glasses 7 (18.9) 



the efforts to protect against and prevent radiation exposure; 
16 (51.6%) were aware of the importance of protective equip- 
ment and had purchased additional equipment; 20 (64.5%) wore 
protective equipment all the time; and 16 (51.6%) suggested the 
need for shift-work practices; 10 (32.6%) were willing to stay 
out of procedures when planning to get pregnant or married, 
and four (12.9%) were willing to not participate in ERCP-related 
business altogether (Table 5). After the recommendations, addi- 
tional equipment was bought in 48.1% of hospitals (13/27); lead 
glasses in 69.2% (9/13); and lead shields in 53.8% (7/13). 

DISCUSSION 

Since the discovery of radiation, X-rays have been an integral 
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Fig. 2. The actual utilization rate of protective equipment. The ac- 
tual utilization rate is defined as the rate of actual usage of prepared 
equipment. 



Table 3. Reason for Not Wearing Protective Equipment 



Reason 


No. (°/o) 


Aware of the importance of protective equipment, 


21 (45.7) 


but it is bothersome 




Have not made a habit to wear it and forget 


12 (26.1) 


Not very aware of radiation exposure 


10 (21.7) 


Too busy to wear it 


2 (4.3) 


Do not think protective equipment is very effective 


1 (2.2) 


Table 4. Subjective Symptoms after Radiation Exposure 


Symptom 


No. (°/o) 


Chronic fatigue and weakness 


34 (89.5) 


Musculoskeletal system 


20 (52.6) 


Helplessness 


16 (42.1) 


Blood system such as anemia 


5 (13.2) 


Hair loss 


4 (10.5) 


Nausea and vomiting 


2 (5.3) 
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Table 5. Changes after Reading the Recommendations for ERCP- 
Related Radiation Damage Prevention 

Changes No. (°/o) 

Changed awareness of the efforts to protect against rgQ 
and prevent radiation exposure 

Wearing protective equipment all the time 20 (64.5) 

Had purchased additional equipment 16 (51.6) 

Suggested the need for shift-work practices 16 (51.6) 

Stay out of procedures when planning to get preg- ^ gj 
nant or married 

Not participate in ERCP-related business altogether 4 (12.9) 
ERCP, endoscopic retrograde cholangiopancreatography. 

part of medical care, and ERCP using fluoroscopy has become 
an important tool in diagnosis and treatment of pancreatobiliary 
disease. Therefore, radiation protective equipment has become 
an important tool for health care providers, and there has been 
growing interest in reducing radiation exposure. 

Acute effects of radiation can be observed within a few weeks 
of exposure, including gastrointestinal symptoms such as nau- 
sea, vomiting, and diarrhea, central nervous system symptoms 
causing nerve damage and disorders, and bone marrow symp- 
toms such as anemia. Chronic effects include leukemia, weak- 
ened immune system, mutation, and cancer. The International 
Commission on Radiological Protection (ICRP), through its rec- 
ommendations, ICRP-60, 6 divides exposure into occupational, 
public, and medical exposures. The recommendations allow oc- 
cupational exposure of up to 50 millisivert (mSv) per year, but 
limit annual average doses below 20 mSv per year for 5 con- 
secutive years. Public exposure doses are limited to 1 mSv per 
year. For occupational exposure, equivalent doses of exposure 
to lens are limited to 1 50 mSv per year, and those of exposure 
to skin, hands, and feet are limited to 500 mSv per year. The 
Korean Radioisotope Association also applies the limits recom- 
mended by ICRP-60. 

Previous studies of radiation hazards during ERCP show dif- 
ferent opinions on the amount of radiation exposure and hazard 
affecting health care providers. Cohen et al. 3 reported that an 
ERCP procedure produces a high dose of radiation exposure. 
Their study warned of radiation hazards affecting health care 
providers during ERCP, arguing that health care providers must 
wear 0.5 mm-thick lead aprons, perform 23 procedures or less 
each month, not to exceed the annual radiation exposure limits 
affecting their bodies, that they are allowed to perform fewer 
than 19 procedures without thyroid shields and up to seven 
procedures without lead glasses. However, Heyd ef al. 5 coun- 
tered that an average radiation dose from 25 ERCP procedures 
or more without protective equipment equaled 8.3 milliroentgen 
(mR), and that the dose can be reduced to 0.6 mR with a single 
piece of protective equipment such as a lead apron, or to 0.4 
mR with two layers of protection such as a lead apron and a 



portable lead shield. 

The doses of radiation exposure affecting health care provid- 
ers during ERCP may vary depending on the imaging exposure 
time, the distance from the patient, and the use of protective 
equipment. 7 It is therefore important to minimize radiation ex- 
posure using the aforementioned factors. 

A study reported that radiation imaging time was reduced by 
30% when an operator monitored the imaging time. 8 Since most 
of those who practice ERCP focus on the procedure itself, they 
do not pay as much attention to the imaging time, but action is 
still needed to reduce imaging times to minimize radiation ex- 
posure during ERCP. Our survey implies that an ERCP procedure 
requires a long period of time of exposure to radiation, but does 
not reflect accurate periods of time, because the answers were 
based on the ERCP participants' opinions. 

Protective equipment is essential to reduce radiation expo- 
sure. During an ERCP procedure, a lead apron, a thyroid shield, 
and lead glasses must be worn, whereas portable lead shields, 
lead gloves, and lead caps may be optional. The American Soci- 
ety for Gastrointestinal Endoscopy recommends that all health 
care providers wear lead aprons and have thyroid shields in 
place in order to practice ERCP, that those performing proce- 
dures close to their patients should wear lead glasses as well, 
and that lead shields should be set up in front of those perform- 
ing endoscopy. 9 Our survey found that most hospitals have lead 
aprons and thyroid shields in place, but only about 50% have 
lead glasses and lead shields, showing that many hospitals still 
lack essential equipment. 

Regarding each form of protective equipment, first, a lead 
apron is the most essential piece of equipment to reduce radia- 
tion exposure. Naidu et al. w reported that wearing a 0.25 mm- 
thick lead apron can prevent 90% of the radiation scattered at 
right angles. It is also reported that a lead apron covering the 
back and front of a person performing ERCP is a much better 
choice than a lead apron covering only the front of the body, 
because the person performing ERCP is forced to twist their 
body." Our survey showed that most health care providers 
wear lead aprons (98.7%). However, most respondents did not 
know the thickness of their lead aprons, but those who knew 
answered that their aprons were thicker than 0.25 mm. How- 
ever, it was also found that many respondents still use lead 
aprons covering only the front part of their body in 39.7% of 
cases, indicating that the providers were still not very aware of 
the importance of the form of the lead apron. Second, a thyroid 
shield is also considered important protective equipment that 
reduces whole-body exposure, as well as thyroid exposure. A 
study reported that wearing thyroid shields can reduce the an- 
nual effective dose of radiation exposure by 46%. 12 Our survey 
showed that most hospitals have thyroid shields available. Al- 
though thyroid shields are not considered as important as lead 
aprons, most health care providers still wear thyroid shields 
during ERCP. Third, lead glasses provide protection against 
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cataracts arising from radiation exposure. Cumulative exposure 
over 2 Gray (Gy) reportedly causes cataracts. 13 Therefore, those 
who practice ERCP for a few years or decades increase their risk 
for cataracts each year. However, lead glasses are less frequently 
worn than lead aprons or thyroid shields. Our survey showed 
that less than half of respondents have lead glasses in place and 
many respondents do not wear them often in 62.2% of cases. 
The common reason for not wearing protective equipment is 
that it is bothersome. It is important for health care providers 
participating in ERCP procedures to be aware of the importance 
of lead glasses and make it mandatory to wear them. Fourth, 
lead shields are known as an effective tool to provide protec- 
tion against scattered radiation arising from ERCP. Chen et al. 14 
argued that, without lead shields in place, a person practicing a 
procedure is exposed to an average dose of 2.5 millirem (mrem), 
but with a 0.5 mm-thick lead shield, exposure can be reduced 
to 0.27 mrem. Therefore, it is very important to pay attention 
to secondary equipment such as lead shields. Our survey found 
that the preparation and actual utilization rate of lead shields 
were 55.3% and 61.9%, respectively. More attention needs to 
be paid to lead shields as well as lead glasses. Finally, radiation 
dosimeters do not provide protection against radiation, but tend 
to reduce radiation exposure because they are a crucial tool 
in drawing attention to radiation hazards. Those who practice 
ERCP should always measure radiation exposure and check 
their dosimeters on a periodic basis. Our survey found that the 
preparation and actual utilization rate of radiation dosimeters 
are 57.7% and 68.9%, respectively, indicating low interest in 
radiation exposure monitoring. 

Recently in our country, the KPBA announced recommenda- 
tions for ERCP-related radiation damage prevention in 2009. 
However, only 31 of the respondents to our survey (39.7%) were 
aware of the recommendations and only a few respondents 
had an accurate understanding of equipment priorities (16.1%), 
although most respondents considered lead aprons the most im- 
portant. This indicated that the KPBA promotion for the recom- 
mendations may not be enough, and those who practice ERCP 
were not very interested in the recommendations. However, 
after reading the recommendations, there have been positive 
changes, such as changes in awareness of the efforts to prevent 
radiation exposure, the importance of protective equipment and 
purchases of additional equipment, and use of protective equip- 
ment at all times. After reading the recommendations, many 
hospitals have purchased lead glasses or lead shields, because 
most of them already had lead aprons, thyroid shields, and ra- 
diation dosimeters. However, because of the emphasis on the 
recommendations, there have been negative effects, such as a 
vague anxiety and avoidance of radiation exposure. 

In limitations, first, there was no research regarding doses of 
radiation exposure, and the survey only targeted nurses and as- 
sistants. Recently, Son ef a7. 15 reported that the actual utilization 
rate for lead aprons was 100% among endoscopists performing 



ERCP in Korea. However, compared with the health-care provid- 
ers in our study, the actual utilization rates by endoscopists for 
other items were relatively low as follows: 94.7% versus 73% 
for thyroid shields, and 37.8% versus 20% for lead glasses, and 
68.9% versus 13% for radiation dosimeters. Second, we could 
not objectively evaluate the actual correlations between health- 
care providers' exposure to radiation doses and their descrip- 
tions of the symptoms they experienced. The symptoms they 
presented were merely based on their subjective perceptions. 
Buls et a/. 16 reported that the gastroenterologists received, per 
procedure, a median dose of 0.34 mGy to the lens of the eye, 
0.30 mGy to the skin at the level of the thyroid, and 0.44 mGy 
to the skin of the hands. Generally, in those radiation exposures, 
the symptoms described may be not associated with radiation 
exposure. In our survey, there were actually no responders who 
underwent medical management of these symptoms. Future 
surveys should include a study of doses of radiation exposure in 
Korean examples and target all health care providers, including 
doctors, nurses, and radiation technicians. 

In conclusion, this survey identified the current status of radi- 
ation protective equipment in hospitals practicing ERCP, health 
care providers' usage of protective equipment, and their aware- 
ness of radiation exposure. Many hospitals still lack lead shields 
and lead glasses, and the actual utilization rate of lead glasses, 
especially, is low. Future efforts should include minimizing 
radiation exposure during ERCP procedures, and more interest 
in wearing and preparing protective equipment is needed. Also, 
KPBA should provide continuous education and supervision for 
radiation protection. 
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Appendix. The recommendation for endoscopic retrograde cholangiopancreatography-related radiation protection by the Korean Pancrea- 
tobiliary Association. 
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